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Thenormalforceandpitchingmomentofa rectangulartailsurface
atMach1.9weremeasuredtodetern@e)Ctheointerferenceeffectsdueto
trailingshockwavesfromanaxisynzietfiic’bodywitha jetexitingfrom
a sonicnozzleinthebase: The@~ wereob~,>ned+at.~ioLgs,.jet~es-
sureratiosandlocationsd@’~he3%-fic~&t~zre&pe&’-’o’othebodLy.-“Inad-
dition,theeffectsofthbtailsh:,c$,,aveson.t~e.bod~.pas::~ey:~es-
wereobtained. .1-.”:~1:.’:~.=,.,-’J‘-—,-’L,. -. ,$1-

Theresultsindicatedthatlarge~iatl~ris-’;ri:t~etall5A%”’ 7-:’
forceresultedfromchangesinthe10Ctionatw@ichtheshockwaves,-,,?.rimpingedonthetailwhenthejetpressu$e-r2itiowas-hi&’and”’the’s%ock::
wavesrelativelystrong.Equallylargechangesinthenormal:fo~ce..
resultedfromchangesintheshockstrengthdueto increasing;he-’jet :
pressureratiowhentheshockwavesintercepted,a,~ge.pe,rceqttageof ~
thetailarea. Increasingtheheightofthetail’redbced-tlie-shock(,:
interferenceeffectsonlyforthehighestpositionofthe.,:;ange.,i:wSti-,

. gated.’Theafterbodybasepressuresweresignificantly”$ricreatiedwhen
theobliqueshockwavesfromthetailleadingedgewere+~t$el~,cin>ty.
ofthebase. .

“IliTRODUCTION

Inlocatinga horizontaltailsurfaceo,q,a.su~ersgni$,:$ql~ejit
isnecesssryto considertheinterferenceeff&@~of-%ailfngshocklmves
fromotherpartsoftheairplsme.Undesirablechangesinthe=,airp~e
stabilityandexcessivecontrolloadscanresultfromshock-itiducea”forces
onthehorizontaltiil.Inreferencel?Izurgejet-~nduced..effects.q~the’E
longitu~inaltri.nioffJa':fre&fl~&6tc)rnod@~=a~c'&6h-:n~be&s'`~etieen'tl.2and
1.8arereported.Ina studyoftheactual,press~efield..on=a.$la~,
pMte'due'toai%rafllng:stid&k'`*@-L=~-;a:cir&u~*-%o#y(?ef.-23y’it’was“

——- -————-.— —.— .——— - —.- -- — --- -— -
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2 c~ NACARM E55J13a

‘w

shownthatlargevariationsinthesurfacepressureswithseveregradi-
entsoccurredevenforrelatimlylargedistancesbetweentheoriginof
theshockwaveandtheflatplate.

Inmostcases,theshockwavesmostlikelyto interferewiththe
tailarethosetrailingbehinda fuselageornacelll.e.Therelativelo-
cationofthetrailingshockwaveswithrespecttothebodycanvary
considerablywiththeflightMachnumber,theairplaneattitude,andthe
jetpressureratio(ifthereisa ~etexitingfromthebaseofthebody).

In ordertodeterminethemagnitudeandthenatureoftheshock-
waveinterferenceproblemforthecaseofa horizontaltailandanaxi-
symmetricbody,an experimentalinvestigationwasconductedattheNACA
Lewislaboratoryinthe18-by 18-inchMach1.9tunneltomeasurethe
normalforceandthemomentofa rectangularhorizontaltaillocatedat
variouspositionsbehinda bodywitha jetexitingfroma sonicnozzle
inthebase.
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SYM801S

Thefollowingsymbolsareusedinthisreport:

pitching-momentcoefficient,m/qSc

normal-forcecoefficient,N/qS

pressurecoefficient,(p- Po)/q

tailchord

free-streamMachnumber

pitchingmoment

normalforce

totalpressure

staticpressure

dynamicpressure,

tail area

distancefrom

distancefrom

.“+.

Y-@&.

tailtrailingedgetoanypointalongtailchord,in.

fuselagebase,positiveindownstreamdirection,in.

.
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Y distance

r ratioof

Subscripts:

b base

J jet

fromfuselagecenterline,in.

specificheatsofair

3

u

: s shockvertexinterceptpoint

t tailleadingedge

o free-streamconditions

M APPMNI’USANDTESTS
8P
+ Thegeometriccharacteristicsofthetailandthefuselageareshown

B
infigure1. Thetailwasmadefrommildsteelandsolderedtothe
strain-gagestingsupport.Thefuselagewassupportedinthetunnelby
a verticalstrutwhichalsoformedthepassagefortheairto a conver-
gentnozzleinthebase. An internalrakeinthefuselagewasusedto
measurethetotalpressureofthejet. A photographofthefuselage
andtailinthetunnelisshowninfigure2.

,Thetestsweremadeinthe18-by 18-inchMach1.9windtunnel,
whichexhaustsheatedanddriedatmosphericairandhasa normaloper-
atingReynoldsnuniberofabout3.38x106perfoot.A dewpointof-5°
or lessanda tunneltotaltemperatureof150°F wasmaintairiedtopre-
ventcondensationeffects.Thestrain-gagereadingsforthenormalforce
andthepitchingmomentwererecordedinadditiontothefuselagebase
pressuresandtheusualtumel operatingconditions.Surveysweremade
fornominaljetpressureratiospj/Po rangingfromjet-offtoaboutl.1
atvarioustailheightsandhorizontalpositionswiththetailat zero
angleofattack.A fewtailpositions’wereinvestigatedwiththejet
pressureratiosetat 16.

A thermocouplewhichwasmountedto thestrain-gagebodyindicated
an effectoftemperatureonthestrain-gagereadings.Thetemperature
effectswereminimized,however,by allowingthegagestoreachan
equilibriumtemperaturebeforethedatawererecorded.Theno-load
strain-gagereadingswerealsoobtainedattheoperatingtemperatureby
rapidlyclosingthetunnelu~streamvalveandrecordingthewind-off
readingsbeforeanappreciableamountof coolinghadoccurred.Theover-
allaccuracyofthenormal-forcecoefficientvariedwiththetailload
andwasestimatedtobe oftheorderof0.01atthelargestvaluesof

- — .—.—. —. —
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CN. Thisincludedtheeff,qct5..02-.~~er@~e,~hq,,&_epitivity,y,ofthe
strain-gagesystemused,arid‘t”h’;-tailbendingduetoload. Thecorre-
spending.accuracyinthepitctin~-.~rnent.,~.oeff~etenty;wkiehalsode-‘1
creased”withincreasing~, wasoftheorderof0.02atthemaximum
value,of~ measured.
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:.+ j’,-, ~ ~ .:.:,‘:;._-,,. ,,-,-Y & ,-,:-,,-,~ -,.--,-
A typfc;lkxa@$ie‘0$th$”~~~.a.ti;o.g.of-~~h?,tE& ~rio~&al-for&,.Withthe

po$itiop‘-ofthd;t%fil%el~tive%o ~~e’traf’lmgshoclr-,wave,i~,.ghomin -,:”
figure5 fora tailheightof 2.86inches.Theletters‘A and B” deno%e
thetailpositionswherethet~ailin,~.$igeis justahead:.,0<-$he-first

1
,.

shockwave-and‘whe%eJtfi&4-’leakding;.etike~p.jUst.be-hi,+l.t~f,,~,~~st,:~~o$k:‘yeJ

respectivelyl~:~The>secondtr’&i-31ngs~oc&.have’J@$~~’,a;~d~~,tanc,ef~, ....,
enoughfromthefirs~’hhock-,fi&eso’;’&~~i+’~d Qqtinter6ect~~q~@\l._.
asitwasIIrnoved’‘-&om~-”A’“’-to’:B’!”(~:’~ge‘iricre~se’ig,.,fhe.,noimQ~foyce.
coefficientocctirred-5sthefail%as‘rnobe~-‘tl&ough~the,sh~ck,~ve..frorn,,-”
A to B. I T& shock’-’titie’prob@y-,i@de:ce,d2tEe;~ress,~eson,the@il
lowersurface”in-an&ti& s+la+;+o%iqt‘,shown+=iri(~ef&ren:e‘2;.w@icfi~---
indicates‘thatthe’”presmireriseon~le~sdr<ace.ofa t>,lat.ptitedue,‘to-.
shockimpingement‘t~’“chkniicfebizedby a”@eep_;high-~r,ess+-e.~eaknear:,..

. thepointof izrtersectti”n..’~e~-= ~Ue ‘Of Cfi‘Occurred‘b&forethe

~ - .:.,>. –..~-—,a...+ :
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tailwascompletelybehindthefirstshockwave. Thedecreasein c~

fromthemaximumvaluetothevalueatpointB mayhaveresultedfrom
thelossofthehighpressurepeakfromthetaillowersurfacewhenthe
shockwaveemergedaheadofthet-ailleadingedge.A slightdecrease
in CN alsooccurredasthetailfirstenteredthetrailingshockwave.
Itisbelievedthatthisdeclineresultedfroma decreaseintheeffec-
tiveangleofattackatthetailleadingedgeduetotheangularityof
thefreestreamaheadoftheshockwave. . N

Thetailnormal-forcecoefficientisshownasa functionofthe :m
shock-positionparameters/c infigure6 forvarioustailheightsand
ata constantjetpressureratioof~.1. Becausetheshockposition
wasconstant,itwasnecessarytomovethetailinordertovary s/c.
8omevariationinthenormalforcecanresult,therefore,fromtheeffect
ofa nonunifonuflowfieldaheadoftheshockwave. Themagnitudeof
thiseffectwillbe discussedlaterinthissection;and,aswillbe
shown,theeffectwassmallasfaras thedatainfigure6 areconcerned.
The.increasein CN with SIC waslargeforthispressureratio,being
oftheorderofa 6°tailangle-of-attackchange.Theeffectof s/c
wassomewhatsmallerat thehighesttailpositionstested.Fora tail
heightof 2.86inches,theeffectof SIC wasrelativelysmallupto

4

aboutthemidchordpoint.

As previouslypointedout,an expansionregionoccurredaheadof
thefirstshockwziveat lowjetpressureratios.Movementofthetail
leadingedgethroughtheexpansionregioncancausevariationsinthe
tailnormalforcewhichmaybe greaterthanthosedueto shockimpinge-
ment. At highjetpressureratios,theexpansionregionisdiminished
andtheeffectonthenormalforcemaybe relativelysmall.Infigure
7,thenormal-forcecoefficientispresentedasa functionofthejet
pressureratioforvariousvaluesof sic. At SIC= O,thetailis
completelyaheadofthefirstshockwave;andasthepressureratiois
increased,itisnecessarytomovethetailforwardas theshockwave
movesforward.An increasein CN ofabout0.024occurredbetweenjet
offanda jetpressureratioof4.5. Furtherincreaseinthejetpres-
sureratiotoa valueof11.1thenresultedina decreaseinthevalue
of CN ofabout0.014.

Thisvariationinthe CN curvecanbe explainedby an examination
oftheflowangularityat a constantvalueof y. Expansionof thefree-
streamflowaroundtheinitialboattailbreakresultsina regionof
increasingdownwash.Compressionalongtheboattailreducesthedown-
washtothepointwheretheexpansionaroundthecornerofthebaseat
lowjetpressureratiosagainincreasesthedownwashjustaheadofthe
firsttrailingshockwave. WhenthetailpositionisWintainedjust
aheadofthefirst.shockwave(s/c= O),itmustbemovedforwardwhen
thejetpressureratioisincreased.Thesuddenexpansionaroundthe
boattailbreakinducesa downloadonthetailwhichisata maximumwith w

_—..—
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thejetoff..Increasingthejetpressureratioreducestheexpansion
aroundthebase,andthenormal-forcecoefficientincreases.Whenthe
expansionis completelyeliminated,thetailis influencedmainlyby
theflowovertheboattail,whichtendsto increasethedownloadonthe
tailwhenitismovedfo~d.

Fromfigure7 it canbe seenthatat lowjetpressureratiosthe
downforce-CN increasesas SIC isincreased.Thisemphasizesthe
factthatatlowjetpressureratiostheeffectsof shockimpingement
aresmallandareovershadowedby theeffectsofmovingthetailsothat
itisinfluencedby theexpansionaheadoftheshockwave. Athighjet
pressureratiositisevidentthattheeffectsofshockimpin@nent
predominate.

Thecombinedeffectsofincreasedshockstrengthandforwardmove-
mentoftheshockwaveonthetaillowersurfaceares,howninfigure8
alongwiththecorrespondingcurvefora constanthighjetpressureratio.
Figure8 alsoshowsthatat lowvaluesof SIC theshockstren@hhas
relativelysmalleffectonthenormalforce.

Theeffects-ofs/c mayvarywiththetailplanform. Inthe
presentcase,a rectangulartailwasemployed.Fora sweptbacktail,
theeffectsof shock’movementmaybemoresevere,becausetheswept-
backplanformconformsmorecloselytotheparaboliclineofinter-
sectionofthetrailingshockwaveona horizontalsurface(ref.2).
Conversely,a sweptforwardtailmayexhibit
shockmovement.

TailLocation

smallereffectsofthe

Theeffectsof jetpressureratioonthenormal-forcecoefficient
forvarioushorizontalandverticalpositionsofthetailareshownin
figure9. Fora givenverticalpodition(constanty) it canbe seen
that,as thedistanceofthetailleadingedgedownstreamofthebase~
~ isincreasedbeyonda certainpoint,thevariationof CN withjet
pressureratiobecomeslarge.Inmostcases,however,thetotalchange
of CN withjetpressureratioremainssmqll(lessthan0.03,which
correspondstoan effectivetailangle-of-attackchangeofabout1°)until
a jetpressureratioofabout4.5isreached.Ifanarbitrarylimitof
0.03isplacedonthevariationofthenormal-forcecoefficient>a region
wheretheincrementalchangeinthenormal-forcecoefficient~ does
notvarymorethan0.03withjetpressureratiofortherangefromjet
offto4.5canbe defined.Thisisshowninfigure10,whichalsoindi-
catestherelativelocationsofthefirstandsecondtrailingshock
wavesata jetpressureratioof4.5. Theareainwhichthevariation
ofthenormal-forcecoefficientwouldbe greaterthanthespecified.
limitparallelsthetrailingshockwavesaswouldbe expected.It can
be seenthattheareaisgreaternearerthejetcenterline.

.
—..,..——— —.——-— . . .. —— - ———-.._ ....— --———-————
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pressureratiowhena largeareaofthetailwasinterceptedby the
shockwaves.

2.Theeffectsoftheshock-waveinterferencediminishedonlyatthe
highesttailpositionintherangetested.

3.Thetrailingshockwavesfromthetailleadingedgeinduced
significantincreasesinthebasepressuresonthebodywhentheshock
wavewasnearthebase.

LewisFlightPropulsionkboratory
NationalAdvisoryConmitteeforAeronautics

Cleveland,Ohio,October19,1955
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